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ABSTRACT 

A new and comprehensive dielectric tensor characterization instrument is presented for characterization of 
magneto-optical recording media and non- magnetic thin films. Random and systematic error s of the system are 
studied. A series of TbFe, TbFeCo, and Co/Pt samples with different composition and thicknesses are characterized 
for their optical and magneto-optical properties. The optical properties of several non-magnetk films are also 
measured. 

~ L INTRODUCTION 

Dielectric tensor e characterization of M-O recording media is important for their application. It gives the 
important parameters like the reflectivity of die material, and, more importantly, the magneto-optk Kerr effect is 
determined from it The traditional method of measuring t consists of two steps. First using an eUipsometer 1 one 
v obtains the refractive index n and absorption coefficient k, which ate directly related to the diagonal e l aowri* of the 

dielectric tensor. The second step consists of measuring the Kerr rotation angle 0* and ellipticity using one of 
several available techniques 1 ' 7 at normal i nc id ence. From these measurements and foe knowledge of n and k, the 
off-diagonal element of the dielectric tensor is calculated. 1 Connell uaad this method to obtain the dielectric tansor 
for a set of rare earth-transition metal alloy thin films.* Recsotly there have bean some reported meant remmti for 
Co/Pt and Co/Pd supertattke samples.* 11 This traditional method usually requires that the magneto-optical film 
is thick enough to be opaque (thicker than 400 A for TbFe and supeclattice sa m ple s ). This limits the application 
of this method and is not suitable for very thin samples which are important for application, especially the 
supertattke samples. 

In this paper we use a new and comprehensive method* 11 to characterize the dielectric tansor of magneto- 
optical thin film samples. This method applies for all thick n t ea e a and the measurements are done with a tingle 
v apparatus. With a multilayer analysis program 14 , the dielectric tensor as wall as the film thi ck nes s for each layer 

of a multilayered film can be litirminil The apparatus is also uaefid for deter min i ng the refractive index n, 
absorption coefficient k and film thirlnaee of various layers of a multilayered non-magnetk film. 

The paper is amagedas follows. In Sec. H, Ws discuss the principles of the technique. The experimental 
set up, calibration and pnrformanrs analysis ate discussed in detail. In Sec. HI, we present some measurement 
v results of TbFe and Co/Pt samples with various thicknesses and compositions. Various non-magnetk samples of 

glass, dielectric, sol-gel, org ank polymer, and metals are studied in Sec. IV. Section V ia the summary. 

1L SYSTEM SETUP AND ANALYSIS 

We first define the physical content of the dielectric tensor measured by this system. With the 
v magnetization along the z-axis (perpendicular to the x-y plane of the film), the dielectric tensor t ia written as: 1 ’ 
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Since the film is believed to be structurally isotropic, we shell assume e„ - ty, - e m . In general, the elements 
of the tensor an complex. Thus (the diagonal element), describes the optical properties of the film in the 
absence of the magneto-optical effects according to the following (elation 

• n * ik . (2) 


The off-diagonal element is responsible for the magneto-optical Kerr and Faraday effects. Assuming that the 
Kerr rotation angle ^ and ellipticityck am small, and light is at normal incidence on thick film with no overcoetmg, 
the relation between 0*, s^, and t, can be written as 


This 


0, - Id, 



( 3 ) 


i nd ic a te s that the magneto-optical Karr effect is proportional to the off-diagonal c^. 


Measnramant of the dielectric tensor consists of measuring the complex reflection coefficients of the sample 
and fitting the p a rame te r s into the multilayer analysis program. 


HI. Experimental Setup 


Figure 1 shows the experimental setup, 12 called variable-angle magneto-optic ettipeometer (VAMOE). The 
incident angle A varies from 3C to M*. The HeNe laser beam (X - 632.8 am) peases through a polarizer and a 
quarter-weve plats whose fist axis is at 4S* to the transmission axis of the pdariar The polarizer helps to dean 
the laser beam to be lineariy-pola ri m d , and the quarter-wave plate amine the light to tiernrar circularly polarised 
at output. The polarising beam splitter (PBS) divides ths baam into two parts, trading one onto the monitor 
detector for laser power calibration. The otoar half | 

PBS sits on a rotating i 


at angle £ 

eagles, the directions of p (parallel), a (jparpandicular), and 45* are tha am 
the PBS keepe the light p owe r 
for detecting circuitry. The 


sample. The 



the plane of refe ren ce . Of those 
The cucubruged light before 
gtin 

field with the strength of ±7.5 


After refl e cti n g final fin mmpit, fin beam passes through another quarter-wave plate, whose fist axis is 
at f - 45* to lie refinance plane. The haem then goes through a Wollaston prism and is finally detected by two 
detectors. The Wollaston prism and ths photodatactora ait on s rotation stage whose axis is aligned with the beam. 
This rotation stags allows ths axis of the Wollaston to be set at angle y relative to ths re feren c e plane; * - O’ and 
45* are used in this experiment The two photodetectors are identical, and their conversion factor, defined as the 
ratio of the output voltage to ths input light intensity is a. We will denote the individual de te c tor output by S, rad 
Sj, their sum by a, and their difference, which appears at the output of the differential amplifier, by AS. 


To normalize the measur ement results we must know the effective light amplitude that goes through the 
system. This can be measured by removing the sample and setting the incident angle A » 90T. If the effective light 
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amplitude ia denoted C, the mm of the signals S, and Sj will be given by 


a 


o * 



In the following discussion we will assume that the results are normalized by o±. 

As for the discussion of the measurement technique, let us define the notation. The linearly polarized 
incident light with polarization direction in the plane of incidence (also the plane of reference) is the p light, while 
the light polarized perpendicular to this plane is die s light For p incident light, the ordinary reflected amplitude 
and phase are defined as r, and 4 r , respectively. Similarly for s incident light, the ordinary reflected amplitude and 
phase are r, and 4,. For magneto-optical samples the p (or s) incident light not only causes ordinary reflection in 
p (or a) direction but also induces a magneto-optical component in the s (or p) direction. We denote the amplitude 
and phase of this magneto-optical reflection coefficient by r x and respectively. 

When the sample ia placed in the system, the signals S, and S, will in general depend on r„ r x 
and di, as well as on 0, f and q. Then, the sum and difference npnds between S, ad S, are derived 11 

o/o 0 • rjcon*p ♦ ^ain 2 ? ♦ r\ 

♦ |y x coa(+,-+ 4 ) “ 


- [(/Jcon*p - rfa&p) coa2< 

- r*con(2P-20] oon(2n-20 

+ yjm2C con(2ii-20 

♦ «»(♦,-♦; «n(2i»-20] *2P (6) 

- 2r/Jco«P !*(♦,-♦,) mail -20 

♦ oac-p) co^,-20] can# 

- 2 r/JtmP rfnOn-20 

- cot(2(-#) 


Seven different experimental set-ups are used to folly characterize the sample. They are combinations of 
different angles of 0 and f. while keeping f - 45\ The seven curves with the setting specifications are listed at 
Table I. 


For maaanring the dielectric tanaor, these seven different combinations of reflection coefficients versus the 
incident angle A are memnred. Of these, three curves are optical reflectivities, which are independent of magnetic 
states of the — qkm i, red are dkuatd with the magnet turned off, while the other four curves are measured with 
the sample s at ur ated by the magnetic field and are called magneto-optic reflectivity curves. For nan-magnetic 
materials, all the M-O reflection coefficients are zero and only the first three curves are meawred. 

After measuring there eeven curves, a multilayer analysis program 14 ia used to analyze the data red e stim a te 
the dielectric tensor of the film. This analysis program ere deal with multilayer structures containing re arbitrary 
number of dielectric, metal and *— fwif layers. An algorithm baaed on 2 x 2 m a trice s is used for the reflection 
calculation. In this calculation, the incident beam is assumed to be plana m o n ochromatic with arbitrary angle of 
incidence. There are no approximations involved and the results are direct consequences of Maxwell’s equations. 
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1. HeNe Laser 

2. Polarizer 



A Variable Incident Angle 


Table L The measured reflectivity carves, f • 45* for all the measurements 


Curve# 

Delector 

Signal 

Used 

PBS 

Settiaf 

90 

WoUaston 

Setting 

tO 

Physical description 

1 

«/* 

0 

45 


2 

*/* 

90 

45 

r.’ 

3 

AS/* 

45 

45 

Vi ’ W 

4 

AS/* 

0 

45 

Vi *"(+, • Ai) 

S 

AS/* 

0 

0 

Vx «“<* * *x) 

6 

AS/* 

90 

45 

V» C0S(A. - 4i) 

7 

AS/* 

90 

0 

Vx an« - AJ 
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IL2. Error Analysis 

There an basically two types of error, random and systematic, is this dielectric tensor characterization 
system. Random error s come from the vibration of the system, fluctuations of the laser power, the random noise 
in the cir cui t r y and the numerical errors of the multilayer analysis program. Since the individual analysis of them 
is complicated, we choose to experimentally measure their combined effect. 

The random error in the VAMOE system is expressed in the random fluctuation of the measured data. The 
effect of this error could be different for different types of samples, due to their different shapes of reflectivity 
curves. To s good estimation, we measured three typical samples. A piece of glen (microscope-slide) which has 
only n value (k is so close to zero, that its measurement is below the resolution of this system) is typical for 
dielectric materials. A Co/Pd multilayered thin film with th ickn es s of 165 A is used as a typical sample for the 
superlattice a TbFe sample (with overcoating) is typical for the RE-TM materials. 

Figure 2 shows the measured reflectivity curves for four independent measurements of the glass sample- 
The beck of the microscope-slide was ground and blackened by ink, in order to reduce reflection from the beck 
surface. Aa can be seen in Fig. 2, the four independent measurements are coincide with each other. Table II bats 
the —rrhiH n values for — measurement. The dttajntichiiig error (DME) in this and later tables is the average 
percent deviation for each data point between the measured data and the calculated data from the multilayer analyris 
program by using matched parameters). The matching error is leas than 3% and the standard deviation of the four 
results is 0.5%. 

Figure 3 is the c or res p onding three independent measurements for a Co(2A)/Pd(9 A) sample. This nnp l e 
is sputtered on glam at 7 mtorr of Kr gas, and the total thi ck nes s is 165 A. Then is no overcoating. The M-O 
reflectivity curves have larger difference among the three i nd e p e n d e n t measurements than the curves 1 to 3, which 
is due to the much sandier signal for theee M-O data. Table m is tbs corresponding results for the Co/Pd sample. 
The reeults in the parenthesis (also in the later tablet) an measured by our variable wavelength Kerr rotation angle 
and ellipdcity measuring system called magneto-optic Kerr spectrometer (MORS). 1, * MOCS measures the Kerr 
rotation angle and ellipdcity using a differant method from that of the VAMOE system. 

The three measurements of the seven reflection corvee for a Th B .,Fe n 3 sample are tbown in Fig. 4. The 
M-O film due taxes is 1354 A. The overcoating is Si^O*., and the es tim a te d tfurtama ia 1264 A. The thickness 
measured by this system (the t*, in the table) is 1326 A. For the SiO overcoating we use n - 1.449 and k - 0 
for the calculation. Table IV Matt the co mp uted parameters ter the TbFa sample. ComwU’s measurement for a 
TbjjFe* sample* ia cited here for comparison. 

From the iiweninissiti for the three typical samples, we can ase that the data m at ching error ia lam than 
5% and the random error ia within the range of tolerance. The slightly larger DME for the TbFa sample is due 
to its higher complexity with over coating . The random errors for the Karr rotation angle, ellipdcity sod reflectivity 
aro much smaller, which iadfcaftmferir lam aaoritivity to fluctuation. The smeller random error for the off-diagonal 
element of the TbFe mmpie is due to its much larger magnetooptical reflectivity. 

Than are at land five possible iy r*nm*r error sources ia the system. One is the incident angle error. 
We measured foie ngle by the top view pictures, taken by e camera, for angles from 26* to 90* (with one degree 
increment). Altar foie, foe er ro r on the angle mnrmmnwnti or the error on the mech a nic al movements on the rail 
will be random and they fell into the categor y of the nndom error anelyria discussed above. The second error 
source is the gains in the two signal <■!>«— «i« and the differential channel of the amplifier circuit The circuit has 
been and calibration was done to wipa out any sizable systematic error on this part The other three error 

sources are the accuracy of the polarizer angle for the incident beam, the accuracy of the quarterwave plate angle 
and the accuracy on the angle readings of the detector box. 
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Reflection Coefficient 





Incident Angle (deg) 


figure 3. The three independently measured reflection curves (measurements 

1 - 3 are * \ — * and ' * lines, respectively) of (a) curve 

1, (b) curve 2, (c) curve 3, (d) curves 4 and 5, and (a) curves 6 and 7 for a 
Co/Pd sample. 
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Table IV. Three measurements for the TbFe sample. The results in the parenthesis are measured from the 
MOKS system. 
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Table V. Measurements for the cast that the polarizer angle is ±2* off the calibrated angle for the Co/Pd 



average 

(no shift) 

(no shift) 

polarizer 
off 2* 

A 

(off 7) 

polarizer 
off -2* 

A 

(off -2*) 

a 

1.54 

0.2 

1.67 

0.13 

1.53 

-0.01 

k 

3.79 

0.07 

3.78 

-0.01 

3.72 

-0.07 


-12.1 

0.3 

-11.4 

-0.7 

-11.7 

0.4 

«- 

+ 

+ 

+ 

+ 

+ 

+ 


ill. 4 

il.O 

112.4 

il.O 

i 10.6 

-i0.8 


0.145 

0.006 

0.140 

-0.005 

0.137 

•0.008 

e* 

— 

— 

— 

— 

— 

— 


iO. 107 

i0.013 

iO. 124 

i0.017 

iO. 101 

i0.006 

DME 

(*) 

3.0 

— 

3.1 

— 

3.9 

— 

K 

0.203 

0.002 

0.203 

0 

0.205 

0.002 

«* 

0.075 

0.004 

0.075 

0 

0.080 

0.005 

R 

0.446 

0.008 

0.441 

-0.005 

0.436 

•0.010 


Table VI. Measurements for the case that the quartarwave plate angle is ±7 off the calibrated angle for the 
Co/Pd sample. 



average 
(no shift) 

(no shift) 

1/4 X 
offr 

A 

(offn 

1/4 X 
oir-r 

A 

(off -2*) 

a 

1.54 

0.2 

1.58 

0.04 

0.92 

-0.62 

k 

3.79 


3.78 

-0.01 

3.67 

-0.12 


-12.1 

■91 

-11.5 

0.06 

-12.43 



+ 

■01 

+ 

+ 

+ 

III 


ill. 4 

KOI 

§12.7 

il.3 

§6.77 



0.145 

0.006 

0.135 

-0.01 

0.130 

-0.015 


— 

— 

— 

■ 

— 



iO. 107 

i0.013 

i0.132 


».047 

- §0.060 

DME 

(*) 

3.0 

— 

5.5 

— 

4.0 

— 


KE3 


0.196 

-0.007 


^^9 


0.075 



0.007 



R 

0.446 

BBS 

Id 


0.441 
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Table VD. Measurements for the case that the detector angle is ±2* off the calibrated ogle for the Co/Pd 
sample. 



avenge 

(no shift) 

(no shift) 

detector 
off 2* 

A 

(off 2-) 

detector 
off -2’ 

A 

(off -2*) 

Q 

1.54 

0.2 

1.77 

0.23 

1.33 

-0.21 

k 

3.79 

0.07 

3.78 

-0.01 

3.68 

-0.11 


-12.1 

MM 

-11.1 

IB 

-11.77 

0.33 


+ 


+ 


+ 

+ 


ill. 4 

lEOI 

il3.5 

E am 

i9.44 

-i2.0 


0.145 

1 

0.135 

-0.010 

0.140 

-0.005 


— 

— 

— 

— 

— 

— 


iO.107 

i0.013 

iO. 149 

i0.042 

i0.086 

40.021 

Q 

1.3 

— 

1.2 

— 

1.6 

— 

DME 

<*) 

3.0 

— 

B 

— 

B 

— 



ETIUrM 

0.201 


isa 

0.012 

•k 

0.075 


ilWKSB 


0.079 

wm 

R 

0.446 


0.443 

EES 

0.432 

■OOlJ 


To study the possible effect of the three remaining systematic error sources, we measured the dielectric 
tensor with the polarizer, quartarwsve plate and detector module deviated ±2* off the given angle, respectively, for 
the same Co/Pd sample which was used for the radom error analysts. Figure S shows the m eas ur ed reflection 
curves for the polarizer at normal position, off +2* and off -2* positions. The same measurements for the 
quaiterwave plate and detector module are shown in Figs. 6 and 7, respectively. The cal c ula te d variation an the 
dielectric tensor, Kerr rotation, elliptidty and reflectivity for these systematic angle chang e s are listed in Table V, 
VI, and VD. 

The variation on the mrerarad results for the polarizer ±2* off is small and even within the random error 
range. Since the acc u racy of the polarizer angle is better than that, it will cause no systema tic error problem. The 
variation on the measured reaoha for the qu ai terw a ve plate ±T off is much larger and more attention needs to be 
peid for the acc ara c y of this angle. The resolution of this angle is about 0.25* and an accuracy of kaa than 1* can 
be achieved. This could make the possible systematic error much nailer. The variation on the results for the 
detector box angle ±T off is between the above two cease. The accuracy of this angle is about 1* and the 
systematic error should the ref ore be under control. 

Another way to check the systematic error is to compare the measured Kerr rotation angle, elliptidty and 
reflectivity with other established characterization system, like the MOKS system. The good agreement on the Kerr 
rotation, elliptidty and reflectivity measurements between these two systems (see Tables m and IV) also indicates 
that the systematic error in this VAMOE system is insignificant. 
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m. DIELECTRIC TENSOR FOR TbFe AND Co/Fl SAMPLES 


Dielectric teosor characterization for the M-O samples is important for both understanding and application 
of these materials. Thickness depeodeoce of the dielectric tensor for Co/Pd superlattice multilayered film has been 
studied in our previous paper, 1 * and we found that both diagonal and off-diagonal elements of the teosor are more 
or less constant for film thicknesses greater than ISO A. In the same paper, we also have studied the composition 
dependence of the dielectric teosor for both Co/Pt and Co/Pd multilayered films. The enhancement of the off- 
diagonal element for the multilayered samples over diluted pure cobalt explains the larger M-O Kerr effect for these 
multilayered samples. In this section, we first pre s ent the dielectric teosor measurement for several TbFe and 
TbFeCo samples with different compositions. Then, more measurements for Co/Pt samples are presented, which 
extends both the thickness and composition range of the samples for study. 

For these TbFe and TbFeCo samples, they all have overcoating, and are with glass substrate. Their 
hysteresis loops are square. The detailed structural and magnetic data for all the TbFe and TbFeCo samples are 
listed in Table Vm. Figure 8 shows a typical measurement of the seven reflection curves along with the calculated 
curves from the matched dielectric teosor values, for sample TB6. The matching be t wee n the experimental and 
calculated reflectivity curves is excellent All of the data matching errors ate leas than 6%, as listed in Table vm. 
The DME decreases with larger reflectivity value which has better signal-to-ooise ratio. The slightly larger 
difference on the Kerr rotation, elliptic! ty and reflectivity between the VAMOE and MOKS systems for TbFe and 
TbFeCo samples than that of the superlattice samples is c a u sed by the higher complexity of the former types of 
sample. One notices that as TbFe sample changes from the Tb-rich (sample TF6) to Fe-rich (the rest), the off- 
diagonal element changes sign as well as the Kerr rotation. 

Table Villi lists all the structural and magnetic data for the Co/Pt samples stu d ie d here. There is no 
overcoating for any of them and their hysteresis loops are all square. (They an deposited on glam substrate.) 
Figure 9 shows a typical measurement for sample C0PT3. The typical data for a Co/Pd sample has been shown 
in the previous error analysis section. 

IV. OPTICAL MEASUREMENTS FOR NON-MAGNETIC SAMPLES 

The VAMOE system developed for M-O media can also be used to measure the optical properties for 
various non-magnetic films. Since M-O date storage application also involves the characterizations for the substrate, 
overcoating and reflecting layer metarule, it ia uaefiil that thia system is able to perform this characterization. In 
this section, we present tbs optical refractive index o, abaocption coefficient k and film thsrk ns m measurements for 
some non-magnetic materials 


Figures 10 to 13 show the measured reflection coefficient curves as a function of the incident angle for s 
glam substrata, s dielectric thin film, a sol-gel thin film and an organic polymer film. Table X lima the 
measurement results for them and other samples. The dielectric and organic polymer films are coated on glass 
substrate and the sol-gal films are coated on a OaAa sabetrata with e ■ 3.13 and k • 0.077. 

Series of mataflk films of Al, Al-Ti, G^Al, AljCr, Cu and Ft with different thicknesses are measured and 
their results am tiatad on Table XL The typical reflection coefficient curves for each kind am shown in Figs. 14 
to 19. The matching between the experimentally nrrmrrl ~rr'n tvH ~ % t***— <— fwn *" the 

optical constants it quite good. All the DME am lem than 3 ft. Also in this table, we citad the n, k values for Al, 
Cu and Pt from handbook. 17 


V. SUMMARY 

In summary, we have constructed a new and comprehensive dielectric tensor characterization system, both 
for magneto-optical and non-magnetic thin films, at X » 632.8 am. The random and systematic error analysis of 
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Figure I. Seven re fl ection coefficients as 
function of As angle of inci dence for TF6 
sample. The symbols (star, circle aid cross) are 
the moaned ones and die continuous curves are 
calculated with dm estimated di ele ctr i c tensor. 


Ftgwe 9. Sevan reflection coefficients as 
function of the angle of incidence for C0PT3 
sample. The symbols (star, circle and cross) are 
the measured aom and the continuous curves are 
calculated with the estimated dielectric tensor. 
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Table Vm. Measurement results of the TbFeCo and TbFe samples with various film compos itioos 
at X-633nm. Tha values in tba par esthete* are measured by tbe mafnaro-opoc Karr spectrometar 
(MOKS) system. 


Samples 

TFl 

TF2 

TF3 

TF4 

TF5 

TF6 

TF7 

MO 

Tb:16.1 

Tb:20. 1 

Tb:20.3 

TO: 16.7 

Tb:14.J 

Tb:28.1 

Tb:18.3 

composition 

Fa: 77.0 

Fe:71.3 

Fa: 70.9 

Fa: 83.3 

Fa:85.6 

Fe:71.9 

Fa:74.5 

(*• %) 

Co: 6.9 

Co: 8.6 

Co: *.9 




A r: 3.6 

EHH 

ESgEfl 

SiN 

SiN 

SiN 

SiN 

SiN 

SiO 

SiO 

647 


800 

737 

791 

1326 

1615 

EBBEs 

431 

1000 

500 

733 

726 

1354 

554 

undartayar 




El 

SiN 



thickness (A) 




EEI 

723 



coerdvfcy 

2.42 

3 

2.22 

2.24 

wm 

1.63 

1.26 

(kOa) 





wtm 



n 

2.32 

2.43 

2.91 

mi 

B 

2.37 

2.72 

k 

3.7* 

3.24 

3.31 

3.23 

3.19 

3.11 

2.15 


•*.90 

IBEl 

-2.49 


•4.22 

•3.92 

-3.74 


+ 

H9|| 

♦ 

1 

+ 

♦ 

+ 


il7.34 

Bill M 

il*.32 

UEU 

114.67 

115.60 

18.68 

*V 

0.663 

0.319 

wm 

0.294 

0.273 


0.121 


+ 

+ 

■ 


+ 

- 

+ 


10.160 

E3E3 

EE3 

iO. 105 

10.074 


i0.041 


5.4 

3.2 

3.1 

3.0 

34 

m 

1.2 

«•) 

0.673 

0.631 

0.679 

0.73* 




(0.617) 

<0-501) 

(0.660) 

(0.699) 

(0.642) 

K'HOil 

(0 -193) | 

*•) 

4245 

0.093 

0.077 

ESI 

0.034 

0.129 


(-0-319) 

(0.047) 

(0.0*1) 

(0.039) 

(0.036) 

(0.120) 

(-0.077) 

ft 

jyn 

0.301 

0.221 

0.246 

0440 

0.419 

0.501 


EO 

(0.316) 

(0.229) 

(0.250) 

(0.242) 

(0.416) 

(0.457) 



































































Table vnn. Measurement results of the Co/Pt samples with various film cott^oeitlou at 
A-633nm. The values in the parentheses are measured by the magneto-optic spectrometer (MOKS) 
system. 


sample 

COPT1 

COPT2 

com 

COPT4 

composition of 
Co/Pt in A 

2. 4/9. 6 

7.2/23.8 

2.4Z7.2 

3/10 

Co content 

BE9 

0.23 

0.25 

0.23 

number 
of bilayen 

14 

12 

17 

20 

MO film 
thickness (A) 

ISO 

180 

180 

260 

coercivity 

(kOe) 

0.62 

0.70 

0.44 

2.24 

0 

1.71 

1.99 

2.19 

2.18 

k 

4.67 

4.67 

4.45 

4.13 

*m 

•18.9 

ro 

-13.3 

-135 


+ 


+ 

+ 


116.0 

WBSM 

117.6 

114.8 

«W 

E9 


El 

KO 






DME (*) 

mm 

4.3 

3.4 

2.8 

KL°) 


0.243 

0.255 

0.119 


13d 

< 0.23) 

(024) 

(0.114) 

*<•) 

0.017 

-0.018 


BJTP1 


(001) 

(-0.02) 

(-0.03) 

EES 

1 

059 

0.58 

055 

HHB 


(0«0 

(057) 

(053) 

(0 612) E 
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Reflection Coefficient 



Fltwe It. Three reflection coefficient* as Figure 11. Three reflectioo coefficients as 

function of the angle of incidence for the glass function of the angle of incidence for the 

sannle on Table X. The symbols (star, circle dielectric film listed on Table X. The symbols 

and cross) ate the measured ones and the <*». circle and cross) are the measured ones 

continuous curves are calculated with the and the continuous curves are calculated with the 

estimated n - 1.500, and k - 0 from the estimated n - 2. 12, k - 0 and film thickness - 

multilayer analysis program. 235 A from the multilayer analysis program. 





Figaro 12. Three reflection coefficients as 
function of the angle of in ci dence for the sol-gel 
(high indsn) film listed on Table X. The symbols 
(star, circle and cross) are the measured ones 
and the continuous curves are cal cul at e d with the 
estimated n - 2.17, k ■ 0 and film thickness - 
83 A from the multilayer analysis program. 


figure 13. Three reflection coefficients as 
function of the angle of incidence for the organic 
polymer sample 9-D, listed on Table X. The 
symbols (star, circle and cross) are the measured 
ones and the continuous curves are calculated 
with the Mtimtttd n ■ 1.68, k * 0.030 and film 
thickness - 2700 A from the multilayer analysis 
program. 
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Tuw X. Meaiurammt results of several non-msgnetic and non-metal materials at \»633nm 


sample 


Corning 
micro slide 
#2941 


ZrO. 

dielectric 


Sol-fel 
(high index) 


Sol-fel 
(low index) 


Organic polymer 
7-D 


Organic polymer 
9-B 


Organic polymer 
9-D 


film 

thickness 

(A) 


Incident angle (deg) 

Incident Angle (deg) 

Figure 14 Three reflection coefficienta as 
function of Ike angle of incidence for the 
aluminum sample #3, limed on Table XI. The 
symbols (alar, circle end cioee) are dm measured 
ones and the continuous curves am calculated 
with the estimated n ■ 1.09, k ■ 5.88 and film 
thickness - 800 A from the multilayer analysis 

Figure 15. Three reflection coefficients as 
(taction of the angle of incidence for the Al-Ti 
sample #2, listed on Table XI. The symbols 
(star, circle and cram) am the measured ooes 
and the continuous curves are calculated with the 
estimated a - 1.45, k * 6. 11 and film thickness 
- 1000 A from the multilayer analysis program. 

program. 







































Reflection Coefficient 


1.00 

0.00 


0.00 



Figure 16. Throe reflection coefficient* a* flgm 17. Three reflection coefficients as 

function of the angle of incidence for the Ct^Al function of the angle of incidence for the Al£r 

sample #1. listed on Table XI. The symbols UB ^ t n> Table XI. The symbols 

(star, circle and cross) are the measured ones circle mid cross) ere the measured one* 

and the continuous curvet are calculated with the and t h e con t inuous curvse ut calculated with the 

estimated a - 1.41, k - 4.53 and film thickness eetinmtedn- 1.76, k - 5.53 and film thickness 

- 500 A from the multilayer analysis program. _ go q X from the multilayer analysis program. 



Figure IS. Tine reflection coefficients aa 

function of the angle of incidence for the copper 

sample #2, IM on Table XI. The symbols 
(star, circle and cross) an the me asur ed ones 
and the continuous curves are ca lcu lated with the 
estimated n - 0.41, k - 5.S3 and film thickness 
- 1000 A from the multilayer anelyma program. 


Figure 19. Three reflection coefficients as 
function of the angle of incidence for the 
platinum film, listed on Table XI. The symbols 
(star, circle and cross) an the measured ooes 
and the continuous curves an calculated with the 
a - 1.72, k - 4.0S and film thickness 
- 1510 A from the multilayer analysis program. 
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the system was earned out to assure the accuracy and precision of the measurements. The dielectric tensor 
mnaammiMmtt for TbFe, TbFeCo, Co/Pt and Co /Pd thin films reveal valuable informatioa about their optical and 
magneto-optical p roperties, and it helps their application performance improvement. This system also gives an 
accurate way to characterize the optical properties for noo-magnetic multilayered thin films. 
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